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Tissue cultures capable of ^^^^^^fZlTrec^^^^^^^^ 
from immature embryos of maize and more recen Phillips, 
sporophytic tissues i^cludmg munature tasseU and ear , ^^^^^^ ^ ^ 
1975; Freeling et al. 1976 Green ^^^T. Molnar |i ^ ^^^^^^^ 

1982). The morphology of ^^ese cultures is ^l^^^^J^^^^^^^^i^.ed tissues 
association of shoot and root "^e"^^!,?,'.,^ ^,3 been diagnostic of the capacity 

discussed below. 

I.' u /-or. hp used to initiate re- 
The various sporoplxytic tissues -'^ig|^^\\%^'pe, Cental advantages, 
generable tissue cultures have . ^^eir mdividuai p ^ pollination 
fmmature embryos are available m ^^^/^^^^^^e ear. Consequently they 
^ thev develop in relative ^y^'^^'-^^y 'j^^ferTnces or experimental treat- 
can be used effectively to =°7//^^,f^"„"^^",hT other h are obtained from 
ments among sibs. .^^eks-old. This allows tmie lor the 

donor plants which are usuaHy ^ to , we^Ks identification 01 

ry?og1SaS; aSed pfa^^t^ su";ras"haploids , ^.onosomics , or plants with 
deletions, prior to initiation of cultures. 
Tissue Culture Initiation 

TO initiate cultures from immature embryo. ^^^^^^^^^ 

sterilized in 2.5% sodium ^^P?Ji°"il%Se watlr. Each rinse should be for 
min. and then rinsed ^^ree tmies in ster^e wa ^ ^ ^^^^^^ environment 
a minimum of 5 mmutes. Usmg sterile ^^^^ ^^^^^^ „ff a 

such as a laminar air How hood, the crown Embryos up to 2 

roSnded-tio spatula is used to ^'^^^f °"^,^^he enJ°=perm and can be seen 
in length usuaUy remain L endosoer^ ^^'ith the tip of the 

Tth the unaided eye and removed irom the -n^os^P^^ embryonic 
spatula. The embryo is placed on the cui .^^ .^^ extensive pro- 

a^s against the medium. This ^moryo 01-- ^ further development 

S^ratifn m the scutellum and -^^"^^^^ u^in a 100 x 25 mm Petri 

embryonic axis. ^^J^'^ ^Ji[r.%;oe or P strips provide a 

dish containing 50 ml of medium. MasKing P 
good seal for the disnes. 

U^ature tassels for tissue culture s..dies are typicaUj^ obt^ed 
,0 7-weelc-oId field or ^eenhouse f^Jl/Xn^'^.J ^.any layers of young 
are usually 2 to- 3 cm in length ^nd are ^^^^ surrounding 

fJaves. slerilizatioa of the tassel - n<H ne^^^ ^^^^ ^^^^ ^""iiLtS 
it are carefully removed in a sterue en ^^^^^ immediately 

tato 1 to 2 mm thick cross sections and ail ^^^^ mmmiize 

^ansf erred to a Petri ^^l^'^^^"^,^ ,l\^e medium does not appear to be 
desiccation. Orientation of the pieces o 


critical. 


Exhibit C 


S.N. 07/713,624 


368 


Although several growth medium formulations will support the growth of 
regenerable tissue cultures of maize, the most frequently used media are MS 
(Murashige and Skoog, 1962) and N6 (Chu et al. 1975, Chu 1978). A par- 
ticularly critical ingredient in the medium is the auxin which must be of 
sufficient potency and concentration to suppress germination of immature 
embryos and root formation in immature tassel sections during the initiation 
of the tissue cultures. 2,4-dichlorophenoxy acetic acid (2,4-D) at 0.5 to 1 
mg/1 has been used with the greatest success as an auxin for tissue culture 
propagation in maize. 

After three to fouc weeks of incubation at 25-28°C under low 
fluorescent light (1.5 W/m ), regenerable cultures from immature embryos or 
tassels can be identified by the presence of scutellar-LLke bodies. Vigorous 
cultures will be light green or yellow and may have small leaves developing 
among the scutellar-like bodies. The growth and regenerability of these 
cultures can be maintained for several years by transferring pieces about 5 
mm in diameter to fresh medium every 3 to 4 weeks. 


Plant Regeneration 

To regenerate plants from these cultures the auxin (2,4-D) must be 
greatly lowered or omitted from the medium. Depending on the degree of 
organization in the culture it may be useful to lower the auxin in steps via 
successive transfers or to remove it entirely in one transfer. Shoots which 
emerge are transferred to 250 ml Erlenmeyer flasks containing 75 ml of 
medium without 2,4-D and incubated under bright fluorescent Hght (8-10 
W/m; 16/8 hr photooeriod) . When an adequate root system has developed, 
the plant is transferred to 2 inch plastic pots containing a 1:1 mixture of 
sterile soil and venniculite . It is critical at this stage to thoroughly rinse 
all the growth medium off the roots before transplanting the plant into soQ. 
The plants should be kept in a humid, brightly-lighted environment for 2 to 
4 weeks until established, before transplanting to a greenhouse or field. 
Regenerated plants often have more vigor and are more likely to produce 
morphologically normal tassels and ears if the various steps in regeneration 
and establishment are carried out in as short a time as possible. Pollination 
of regenerated plants is accomplished by selfing or crossing with other 
plants to produce the desired kernels and progeny. Seeds from regeneratea 
plants are generally grown into plants using standard cultivation practices. 

Genetic Analysis 

Cytogenetic analysis of plants regenerated from diploid maize cultures, 
eight-months-old or less, has indicated a high degree of chromosomal 
stability (Green et al. 1977; McCoy and Phillips, 1982). The instability 
which does occur usually involves missing or broken chromosomes. Abnormal 
plants may have sectored tassels such that one or more of the tassel 
branches exhibit partial poUen sterility and one or more oi the branches 
have norm?l fertility. Meiotic analysis of poUen mother cells in young tasse-s 
has identified a total of 9 cytologicaily abnormal plants among 277 exammed 
(Green et al 1977; Edallo et al. 1981; McCoy and Phillips, 1982). The 
limited data~available on the chromosome constitution of plants regeneratea 
from older tissue cultures indicates a much higher frequency of abnor- 
malities. Eleven plants regenerated from 'three- year-old cultures all Pos- 
sessed the same phenotype (i.e. oppositely arranged leaves and ca. 100 cm 
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taU) at maturity (Green et al. 1977). Three plants were analyzed cyto- 
oTicaUy and each plant comaSed a broken chromosome 6, deticient tor the 
SftaTthii^ of the long arm. This is an indication that cytological abnor- 
malities may be increased in older cultures. 

An interesting aspect of recent studies is that tissue culturing: induces 
considerable variation in the genetic makeup of ceUs and ^Jf^, ^^is vanabihty 
is recovered in the progeny of regenerated plants. A high frequency ot 
spontaneous mutations^ith simple MendeUan -heritance hasb ^ ^ 
in R2 progenies (EdaUo et al. 1981). The type of endosperm and seedhng 
mutants found were similTr lo spontaneous mutants <^^=f J/^";. ^. f ^^,,^3'', 
high rate of spontaneous mutation makes these cultures of particular mterest 
in selection experiments . 

Mutants have been selected from maize ^-''^i"^^'^" '^^fJ"^"! 

exTjeriments Selection for resistance to H. maydis race T pathotoxm in 
^JloX Texas male sterile cultures resulted in the ^-^^^f^^ ^"^^J.^'^^^ 
which was transmitted to regenerated plants and P^J^f^^^^^^^^enba^h J 
1977). This selection also changed male sterility to ^^^'^iy.^^^°%,lll'!^ 
ranee to the disease and fertility were inherited as maternal traits. Selection 
orresistaLrto Vs^e plus threonine in diploid cultures also producea 
resist^ce which Jas recovered in the progeny of regenerated plants 

(Hibberd and Green, 1982). This ly^^^^ .P^^t '^^TTn^'^f^herilirls a 
overproduces threonine in large quantities in the seed and is inherited as a 

dominant gene. 
Somatic Embryogenesis 

A major new type of maize tissue culture has been developed recently 
which i^TstSi^iishrd from those discussed previously by its fnf^^ty 
Sid ^wth, and capacity to regenerate plants by somatic embryogenesis 
(G^een 1982 . These cultures are light yeUow and appear undifferentiated 
L that little organization is visible to the eye. Closer examination by light 
Sid scanning electron microscopy, however, reveals somatic embryos which 
S^fow very closely the known developmental sequence for zygotic embryos 
(Randolph, 1936). 

These embryogenic cultures are ..initiated directly from the scuteUum of 
immatSe embryos ^or as spontaneous sectors growing ."^f^^f 
ganogenic tissue cultures' of the type discussed earUer in ^his Paper^ I tiey 
fan be initiated and maintained on both MS and N6 

1 n m<r/l 2 4-D The cultures are first noticed as small friatiie regions 
which ^are yellow These cultures may not show visible organization 

^idallv but frequently within 2 weeks of their appearance, microscopic 
^xStion revel embryos at globular or slightly more advanced suges of 
development Once established these cultures exhibit ^ rapid growth rate 
f^d must be subcultured every 2 weeks. They are '-^^'^^^^..^^'^i^^ 
ferring 4 to 5 pieces of caUus , each 5 to 10 mm in diameter, to 100 x 25 mm 
Petri dishes containing 50 ml of fresh medium. 

The established cultures exhibit a high degree of ^^^^y°^l^f,^\'^'^ll;, 
freauently hundreds of embryos per callus ^are visible. They are first seen 
as smTilobular structures Ind their continued development is e^f ^ 
^ferentiftion of the suspensor, scuteUum and f^^^ryonic^Pf^^^i^^^j 
Embryo development up to the coleoptilar stage (Abbe and Stein 1954; 

tmoryo ucvcwymc -irhpr- MS or V6 media containing 2% sucrose 

progresses quite normally on eitner I'la 01 . u mcii^a & 
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0 d n Develooment beyond this stage is very abnormal 
and 0.5 to 1.0 mg/1 2,4-D. ' " Jckine ',4-D but with 6% sucrose 

unless the callus is transferred to medium l^ckmg " .^^ ^^^^^^^ ^^^.^^^ 

to increase the osmolaruy o^^ the ^eduxrn^^ developed which are 

this medium and after /° J° ^heir most prominent features are a 

similar in size to those '^Jf^^.nic axfs These embryos geminate 

well-developed scuteUum ,""^^7°,^i^/honnones and 2% sucrose. Shoot 

rapidly when transferred to '"^'J^^^^.i!';^.^^ the young plants are then 

TKe., friable '■'^^y'^'-:^"^:,^'^" 
tto of suspmsion cultures which J'' f J^^^^^^ are w.U- 

2,4-D and aerated on a Eyrotory ' „„rti, from about 2 mm m 

Z^K^'^^"'^'^'^'^^ """"" " 

callus cultures. 

Other Important Factors 

The. genotype of the ^°.-r ^^^^ 
which tissue cultures oi ""^^^^^^^ ^'^"^^'e /enotvpes (i.e. .4188. WF9. and 
bility. When using ""'"^^"f eS^nd^ while similar cultures 

ND203) produce ^egenerable cultures very e licien y and 

are initiated with great difficulty from °ther S^^^JP^^^^g^^re embryos of 
A632. Regenerable cultures ^^^^^^l\'l,Zly^:^ ^ examined, without 

70% of the approximately .0 d^f^rent enotjP .^^^ ^ ^he growth 

modification of the standara ^^/^ural reg^e_ difficult genotypes, 

medium have improved the P^rf^^^J^^.^^^i^The 2%-D concentration and 
Typical modifications mclude ^'^I'^f^'^i^'S-Jfof the medium. Character- 
alternative macro-and 'ni<=r°-""trient formulations °J ^he ^^^.^^^^ 

r^:tfru"rr\a^eTs^-^rw?h"co^^^^ Should be optimized to 

^^Tdu^the most' dtlable cultures from, specific genotypes. 

The developmental of the donor tissue ^^^^i^'^:^o^ 

-the initiation of rege.nerable ^is^ue cultures^ A regenerable 
more fuUy developed, they r^^pidly lose . tne aoui j-aUv ineffective 

cultures (Green. 1977). Embryos 3^ mm or lon^^r^ ^^^^ are 1 to 2 mm 
for culture initiation. For most ^^"f^P^^^i.tires Immature tassels more 
long most reliably produce the desired cultures . 3 i^^g. 

frequently produce regenerable cultures when they are 1 to ^ 

incubation conditions used ^or maize tissue cultures are -ry^^uailar^to 

those for cultures of other sPf/s.^oc -rhe most frequently used tem- 
increases with temperature up to 30^^- ^^^^^^^ ^ ^^^^^^ .^^ms and 

perature for incubauon is .^^ C- iemp ^i^imize the condensation or 

chambers should be as un^orm P^^'^'^^'ds and walls of Petri dishes and 
water from the growth medium fluctuation in temperature, the greater, 

other containers. The ?"^ter the fluctuat. can interfere with culture 

the problem of ^ondensaaon Severe con contamination. H^i^^ty 

growth as well as increase the °s^eneraUy not necessary if dishes 

Control in growth rooms and mcubators is en^r^ y^^ ^^^^^ ^^^^^ 
and flasks are sealed properly with tape. ? 
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seals are also important in preventing microbial contamination of the cul- 


tures . 


Although not dependent on Kght, growth of the cultures is otten im- 
nroved and regeneration yields more vigorous plants when they are grown in 
the Hghr Typical ?g^^^^ sources include standard Cool-White Grow-Lux or 
Affra-Lite fluorescent fixures . These provide Ught intensities up to l^o 
W/m^ Thiers more than adequate for the cultures. Typical photopenods 
are 12-16 hours of light per day. 

Cultures should be subcultured as frequently as ^° T^T^i 

vigorous growth. The actual time interval is ^""".^""^ 'f^P%u^ 
culture, volume of culture medium, and the amount oi ^J^! 
subculture. Cultures with rapid growth rates, such as the fnable embryo 
genie lines, are transferred every two weeks while siower 
ire tr^sferred about every four weeks. Careful management ot the sub- 
culture and incubation conc^tions is especially important for ^^^^^^^^fj^^^^^^ 
of the regenerabiiity of cultures. The potential to regenerate numerous 
plants frof tissue cultures of maize can be maintained for several years u 


necessary. 
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